Recent observations suggest that many planetary-mass objects may be present in the outer solar system between the Kuiper belt and the Oort cloud.
larger than any other known eruption on Earth, making it unlikely that the other major mass extinctions, which are of a similar magnitude, were produced by volcanic eruptions.
However, although there is no one-to-one correspondence between mass extinctions, large volcanic eruptions, large meteoritic impacts, and global environmental and climatic changes, there are clear time correlations between them whose origin is not clear. Here we suggest that tidal effects of planetary-mass objects which pass near Earth could have caused all of these and can explain the complex geological records of the major biological mass extinctions. In fact, frictional heating of planetary interiors by gravitational tidal forces can lead to strong volcanic activity, as seen, for instance, on Jupiter's moon Io, the most volcanically active object known in the solar system (9, 10) . But, the moon, the sun and the known planets are too far away to induce volcanic eruptions on Earth. However, recent observations (11, 12) and theoretical considerations suggest that thousands of planet-mass objects may be present in a distant ring in the solar system between the Kuiper belt (13) and the Oort cloud (14) .
Gravitational perturbations may occasionally change their parking orbits and bring them into the inner solar system. Various "anomalies" in the solar planetary system can be explained by collisions (15) , capture or scattering of such objects by the planets. Passage of such objects near Earth could have generated on it gigantic tidal waves, large volcanic eruptions and drastic changes in global climate and sea level. Moreover, upon crossing the asteroids and Kuiper belts these planetary mass objects could have diverted large meteorites and astroids into a collision course with Earth (16, 17) . Thus visits of distant planets may be the common cause for the various catastrophes that were jointly responsible for the major biological mass extinctions.
DISTANT PLANETARY-MASS OBJECTS
The recently discovered gigantic asteroids (11) in the outer solar system between the Kuiper belt and the Oort cloud, various extrasolar observations (12, (18) (19) and theoretical considerations (20) (21) (22) suggest that many planetary-mass objects may be present in distant solar rings. Probably, they have been formed together with the sun, since star formation commonly involves formation of a thin planar disk of material possessing too high an angular momentum to be drawn into the nascent star and a much thicker outer ring of material extending out to several hundred AU. Evidence for this material has been provided by infrared photometry of young stars and also by direct imaging (18) . Moreover, the recently discovered Jupiter-mass planets orbiting very near solar-like stars (19) much closer than where their formation was expected to take place, led to the conclusion (20) that very many planetary-mass objects must be formed at large radii where most of the disk mass resides, and migrate inward as a result of tidal interactions with the planetary disk. Furthermore, analysis of the properties of axisymmetric planetary nebula led to the conclusion that many gas-giant planets are present around most main sequence stars (22) . Indeed, recent observations of the nearest planetary nebula, the Helix Nebula, with the Space Telescope (12) discovered 
RECENT ENCOUNTERS
Most of these could have happened in the early solar system when the collision rate was much higher, as it is evident from dating of moon and planetary craters (10) . However, there are observations which suggest that near encounters of planet-like objects with the Earth-Moon system have occurred also more recently. For instance, fossil corals show that the rate of decrease in the number of diurnal rings during annual cycles, i.e., the rate of decrease in the number of days in a year, has changed suddenly into a slower rate at the end Devonian (10) . Since the lengthening of the day is due to slowing of the rotation of 
where D = 380000 km s −1 is the Moon-Earth distance and v is the velocity of the visiting planet relative to the Earth-Moon system (if V p (∞) ≈ 0 then V p (1 AU) ≈ √ 2V E , and 
TIDAL EFFECTS
Visiting planets and moons that pass near Earth can cause also gigantic tidal waves and intense volcanism. For simplicity, we limit our discussion here to a single visit and ignore " multiple visits" before escape to "infinity" or, capture/disruption by the sun. (which will be discussed in detail elsewhere). Although exact calculations of surface tidal effects are beyond the scope of this paper, an approximate estimate of the flexing of Earth by a passing planet can be easily obtained by neglecting the rotation of Earth and the speed of the passing planet (of mass M p ) and by assuming a quasi hydrostatic equilibrium. By balancing the terrestrial forces against the tidal force one obtains a surface displacement along the line of sight to the planet which is given approximately by (24) h ≈ 3 4
The maximal land tide due to the moon is 27 cm. However, a visiting planet with a typical mass like that of the Cometary Knots (12), which passes near Earth at a distance comparable to the Earth-Moon distance, produces gigantic oceanic and continental tidal waves which are a few hundred times higher than those induced by the moon. Scaling of the tides produced by the moon to those produced by visiting planets is justified for approximate estimates since the duration of the strong tidal acceleration by the moon, which is determined by the Earth rotation, is similar to t ∼ d/v, the passage time of a visiting planet at a passing distance d ∼ D from Earth, with a velocity ( 
From the observed 3. water level (25) and in the total volume of glaciers. Other implications of planet-sun and planet-star collisions will be discussed elsewhere.
BIOLOGICAL MASS EXTINCTIONS
Using our inferred planet flux from Jupiter and its collimation by the sun, we obtain that a "visiting rate" of once every t v = 100 My for planets with M p ∼ 0.5M E which fall towards the sun implies a passing distance is not so sensitive to temperature and climatic conditions has better chances to survive the tidal waves, the volcano poisoning of sea water, and the drastic sea level, environmental and climatic changes.
CONCLUSIONS
In spite of intensive studies it is still not known what caused the biological mass extinctions and whether they were caused by a single or a combination of extinction mechanisms.
So far no single mechanism has provided a satisfactory explanation of the complex biological extinction patterns in sea and on land, the rate of mass extinctions and their correlation with the largest volcanic eruptions, sea regression and meteoritic impacts (1) (2) (3) (4) (5) . These include astrophysical extinction mechanisms such as meteoritic impacts (6) passage of the solar system through molecular/dark matter clouds (26) , supernova explosions (27-29) gamma ray bursts (30) and cosmic ray jets (31) . However, visiting planets offer a simple solution to the puzzling correlations between mass extinctions, meteoritic impacts, volcanic eruptions, sea regression and climatic changes as documented in geological records. The hypothesis that a substantial amount of mass is present in the outer solar system (and in most other solar-like systems) in the form of planet-mass objects may be tested in the near future by advanced gravitational lensing experiments and by space based IR interferometric observations. Other consequences for the solar system are currently under elaborate numerical and analytical investigations (32) .
